SDS-PAGE analysis of crystals a nucleus for the formation of the ESCRT-II/ESCRT-III
showed that Vps36 had been partially proteolyzed, and network on endosomal membranes, we have deterthe truncated form was preferentially incorporated into mined the three-dimensional structure of yeast ESCRTcrystals. The complex formed from coexpressing an II, characterized the interactions that ESCRT-II makes N-terminal truncation of Vps36 (residues 1-370 deleted) with the Vps20 subunit of ESCRT-III, and shown that together with Vps22 and Vps25 resulted in identical crysthe Vps25 subunit of ESCRT-II forms a direct complex tals and no change in diffraction resolution. Although with Vps20, which greatly facilitates recruitment of both we obtained crystals with protein preparations having an ESCRT-II and Vps20 to liposomes in vitro.
intact Vps36, they diffracted only to very low resolution ‫21ف(‬ Å ). Despite extensive efforts to improve the diffracResults and Discussion tion limit of the crystals, the highest resolution obtained was 3.4 Å and temperature factors for the complex are The three subunits of the yeast ESCRT-II complex were correspondingly large. Because of the relatively weak coexpressed in E. coli, and the purified complex crystaldata at the resolution limit, the refinement was carried lized in space group P4 3 22 with cell dimensions a ϭ out to 3.6 Å resolution and the data collection statistics 150 Å and c ϭ 186 Å . The 3.6 Å structure was solved for this resolution are shown in 
Interactions of the Vps25 Subunits with Vps22 and Vps36
Whereas the Vps22/Vps36 subunits interact side-by- pocket on Vps22 (lined with Trp212, Trp224, Pro226, Trp228, and Ile229) or Vps36 (lined with Leu545, Leu546, transcription factor has a winged helix fold, and mutagenesis studies suggest that an exposed hydrophobic Ile547, Tyr557, and Tyr561). Pro6 from the first 5-PPXY-8 motif as well as both proline residues from the second patch on the surface of the WH ␤ sheet may be involved 
, 2003). The next question is which ESCRT-II subunit(s) is re-
In addition, we show that ESCRT-II complexes in sponsible for interaction with Vps20. It was previously which the N terminus of Vps36 is truncated (residues proposed that the predicted coiled-coil regions of Vps22 1-370 deleted) do not affect binding to Vps20 ( Figure  5B ). This region of Vps36 is, however, necessary for could bind to coiled-coils of Vps20 (Babst et al., 2002b) . . In light of these observations, we tested fied Vps25 and Vps20, we show direct interaction between these two subunits (Figures 5D and 5E ). Specific binding of ESCRT-II to lipid vesicles in the absence and presence of Vps20. Purified ESCRT-II shows detectable binding of the two proteins is demonstrated by pulldowns both on glutathione resin via GST-tagged Vps20 binding to liposomes made of total brain lipids ( Figure  5F ). Vps20 also shows some binding to the liposomes. (Figure 5D ) and on Ni-resin via His6-tagged Vps25 (Figure 5E) . We could also demonstrate binding by bandHowever, when mixed together, membrane binding of both ESCRT-II and especially Vps20 dramatically inshift analysis on native gels, as the electrophoretic mobility of the Vps20/Vps25 protein complex drastically creases ( Figure 5F ). The same effect, i.e., a dramatic increase in Vps20 binding to liposomes, is observed differs from nonbound proteins (data not shown). The interaction between Vps20 and Vps25 is likely to be when Vps20 is mixed with Vps25 ( Figure 5G ). These supernatants (S) and the pellets (P), resuspended in an equal volume Table 1 lists statistics for data collection and phase refinement. The of buffer, were analyzed by SDS-PAGE and Coomassie blue staining. phases from the Se-Met MAD data were extended to 3.6 Å using Control proteins, GST, and BSA (Sigma A7638) were used as conthe program DM. The assignment of the sequence to the density trols and showed no trace of liposome binding. was consistent with the Se-Met sites. In addition, a high multiplicity data set was obtained using 2.07 Å wavelength radiation in order to detect sulfur positions by their anomalous scattering (Table 1) 
